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Abstract 
Urban residential land suitability evaluation is an important part in the general land use planning. Its result guides us 
to the optimum living environment. Grounded on evaluation features, the paper established an evaluation index 
system consisting of 32 indexes in 4 layers. A case study of a residential area in Wenzhou is made to further practice 
this comprehensive evaluation, the result of which helps improve the living environment in the related area. 
© 2011 Published by Elsevier Ltd. 
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Nomenclature 
URLS Urban Residential Land Suitability 
1. Introduction
In 1933, Athens Charter put forward the idea that residence is the top priority of a city. The location
where residence predominates is called the residential land, amounting to 20-32% of the urban 
constructional land [1]. The suitability evaluation of residential land is part and parcel of general urban 
land use planning, because it lays a scientific foundation for a reasonable land layout, it promotes an 
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intensive and efficient use of land, it improves the land use structure and it helps the overall functions of a 
city better exercised. It is considered a prominent prerequisite for an optimized living environment [2]. 
Pitifully at present, there are few quantitative approaches simple and effective enough to ensure a good 
evaluation. Therefore, based on the evaluation features of residential land, our research tried to build an 
index system and evaluate in the framework of fuzzy comprehensive evaluation model. The suitability is 
finally tested. 
2. Urban Residential Land Suitability Evaluation Index System 
The general principles for the Urban Residential Land Suitability (URLS) Evaluation index system are 
as follows [3]: 1) the concise and scientific principle. The number of indexes needs to be scientifically set 
because excessive indexes may result in index overlapping whereas insufficient indexes may lead to 
information missing; 2) the principle of systematical integrity. The indexes, independent as well as 
interrelated, are united into an organic evaluative system with hierarchical features; 3) the principle of 
comparability, quantification and feasibility. For the purpose of a good comparison, the indexes must 
include common features of the evaluative objects. For sake of a good calculation, qualitative indexes are 
supposed to be assigned values and quantitative indexes can be directly quantified. The feasibility 
principle requires convenience in availability and analysis of index data; 4) the objective principle. The 
indexes are considered as the basic guarantee for an objective and accurate evaluation. Thus, it is 
important to promise the objectiveness of the whole index system and ensure the reliability and accuracy 
of datum sources. 
Based on urban residential land features, our research puts forward a URLS evaluation index system. It 
is a four-layer system (i.e. the layer of goal, criteria, indexes, and indicators) which consists of 32 
indicators. The layer of goal is specifically represented by the criterion layer which is further represented 
by the evaluation index layer. The systematic structure is as Table 1. 
3. URLS fuzzy comprehensive evaluation method 
Fuzzy comprehensive evaluation is grounded on Fuzzy Mathematics. The theory of fuzzy relation 
composition is applied in the quantification and evaluation of the factors which are with fuzzy boundaries 
and are unlikely to be rationed [4]. Those involved basic elements are: 1) the factor set 
},,,{ 21 nuuuU Λ= , which is the set of all the factors evaluated; 2) the evaluation set 
},,,{ 21 mvvvV Λ= , which includes all the evaluations given; 3) the assessment of single factors, 
namely, the judgment of individual factors ),,2,1( niui Λ= . The fuzzy set ),,,( 21 imii rrr Λ is finally 
worked out. 
3.1. Process of URLS Fuzzy Comprehensive Evaluation 
Step one: determine the factor setU and the evaluation set V . 
Factors are the key points. We’d better describe with minimum number of factors in 
},,,{ 21 nuuuU Λ=  so as to simplify the evaluation process. 
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Table 1. URLS evaluation index system & weights 
Goal A Criteria B Weight Indexes C Weight Indicators D Weight 
Topography C1 0.4 
Flatness D1 
Regularity D2 
0.5 
0.5 Natural 
environment 
B1 
0.167 
Geology C2 0.6 
Engineering geological condition D3 
Hydrogeological condition D4 
0.6 
0.4 
Ecological 
environment 
B2 
0.166 Living environment C3 
1 
Air quality D5 
Sunshine condition D6 
0.5 
0.5 
Living facility & 
service C4 
0.25 
Supermarket D7 
Shopping mall D8 
Hospital & clinic D9 
Food market D10 
0.3 
0.2 
0.2 
0.3 
Cultural & 
educational 
facility C5 
0.25 
Kindergarten D11 
Primary & middle school D12 
Public education & sports D13 
0.3 
0.3 
0.4 
Municipal 
infrastructure C6 
0.25 
Water & electricity D14 
Pipeline gas D15 
Cable TV D16 
Internet D17 
Garbage disposal D18 
0.333 
0.167 
0.167 
0.167 
0.166 
Facilities B3 0.333 
Comprehensive 
management C7 
0.25 
Permanent population D19 
Floating population D20 
Public security D21 
0.3 
0.3 
0.4 
Planning & 
design B4 
0.167 Planning & design C8 
1 
Greening rate D22 
Plot ratio D23 
Building density D24 
Population density D25 
0.25 
0.25 
0.25 
0.25 
Location C9 0.5 
Transportation convenience D26 
Distance to city center D27 
Distance to industry pollution & 
dangerous goods warehouse D28 
Disturbance from airport, railway and 
highway D29 
0.25 
0.25 
0.25 
0.25 
URLS A 
Traffic & 
location B5 
0.167 
Internal traffic 
C10 
0.5 
Public transport & bus stop D30 
Internal road network D31 
Parking facility & planning D32 
0.4 
0.3 
0.3 
In terms of the evaluation set },,,{ 21 mvvvV Λ= , individual factors are likely to be evaluated in 
different levels corresponding to real conditions. In general, the evaluation scale m  is the integer in [3, 7], 
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because it turns to be hard to describe and score if m  is much larger than 7. It does not meet as well the 
requirements of comprehensive evaluation if m  is much smaller than 3. 
Step two: determine the weight set
~
A . 
The weight refers to people’s preference over different factors. There are usually three ways to 
ascertain the weights, that is, the agreement from experts, comparison and contrast between two factors, 
and analytical hierarchy process (AHP). The method of analytical hierarchy process is adopted in this 
study [5]. 
Step three: build the expert evaluation matrix 
~
R . 
After the introduction of background knowledge and collection of statistic data, the experts are ready to 
have a fuzzy evaluation about all the related factors. 
The evaluation score of a certain factor ),3,2,1,( Λ=jirij  indicates the probability of the j th 
evaluation to the goal, with a start from the i th factor. If i  is fixed, ),,,( 21 imii rrr Λ  represents the 
fuzzy subset of a single-factor evaluation, to start with the specific i th factor. The evaluation fuzzy 
subset of various factors, however, finally constructs an evaluation matrix
~
R . 
Step four: comprehensive evaluation. 
The final score of the fuzzy comprehensive evaluation is 
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The basic rule of the fuzzy comprehensive evaluation is fuzzy mapping. The compositional operation, 
commonly viewed as a broad-sense one, is represented by ),( ** ∨∧M . In the broad sense of fuzzy theory, 
*∧  is used to indicate the AND operation; while *∨  indicates the OR operation. The broad-sense 
compositional operation can be specified into four algorithmic models [4]. The ),( ⊕•M  model is applied 
in this study and is represented in: 
mjrab
n
i
ijij ,,2,1},,1min{
1
Λ== ∑
=
                                                                                                 (2) 
The evaluation score is a fuzzy vector rather than a point value in that it involves membership of the 
fuzzy subset of all scales. Therefore, a further operation on the basis of maximum membership principle, 
weighted average principle, fuzzy vector uniformization and other methods alike, will help to reach a 
direct judgment and explicit assessment. 
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3.2. Application 
Based on the URLS evaluation index system, the study has made a fuzzy comprehensive evaluation on 
the suitability of a residential area in Wenzhou city. The weights of all indexes are figured out by analytic 
hierarchy process, as shown in table 1. 
The process for fuzzy comprehensive evaluation is: 
Step one: determine the factor set and evaluation set. 
According to the index system in Table 1, we determine a factor set }~{ 101 CCU = .  
And we determine an evaluation set V= },,,{ 4321 vvvv ={strong suitability, moderate suitability, 
weak suitability, unsuitability}. 
Step two: determine the weight set. 
In Table 1, the weights from layer C (indexes) to layer B (criteria) and the weights from layer B 
(criteria) to layer A (goal) are easily worked out. The weight sums from layer C to layer A is therefore 
obtained, which is shown as: 
)0835.0,0835.0,167.0,08325.0,08325.0,08325.0,08325.0,166.0,1002.0,0668.0(
~
=A  
 Step three: build the expert evaluation matrix. 
 The Delphi method was applied in the single-factor evaluation. First of all, we collected and mailed 
the data, together with an instructional manual, to 25 experts in Wenzhou (with 22 effective feedbacks). 
Then, we counted the occurrence of each evaluation factor and calculated further the corresponding 
frequency. The frequency turns to be the evaluation result of index-layer single factor. For some reasons, 
the present study focuses on the quantitative evaluation of the suitability index layers C1 to C10. The 
statistic result is shown in Table 2. 
Table 2. Fuzzy statistic results 
Evaluation set Indexes 
 (evaluation factors)     Strong    moderate    weak    unsuitable 
   （ 1v ）   （ 2v ） （ 3v ） （ 4v ） 
Topography 
Geology 
Living environment 
Living facility & service 
Cultural & educational facility 
Municipal infrastructure 
Comprehensive management 
Planning & design 
Location 
Internal traffic 
0.25        0.50        0.25        0.00 
0.08        0.42        0.42        0.08 
0.42        0.42        0.16        0.00 
0.00        0.33        0.50        0.17 
0.17        0.50        0.25        0.08 
0.08        0.50        0.42        0.00 
0.17        0.42        0.33        0.08 
0.08        0.42        0.42        0.08 
0.42        0.33        0.25        0.00 
0.17        0.58        0.25        0.00 
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  The resulted evaluation matrix is: 
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00.025.058.017.0
00.025.033.042.0
08.042.042.008.0
08.033.042.017.0
00.042.050.008.0
08.025.050.017.0
17.050.033.000.0
00.016.042.042.0
08.042.042.008.0
00.025.050.025.0
~
R  
Step four: comprehensive evaluation. 
     The comprehensive evaluation is finally figured out by the method of ),( ⊕•M . It is 
)049.0,322.0,437.0,192.0(
~~~
=⋅= RAB  
 Generalizing from the maximum membership principle, we conclude that the URLS scale in the 
related Wenzhou residential area is “moderate”. It is suggested that living facilities, cultural and 
educational equipments and comprehensive management of local area be made better. Weak points, such 
as inconvenience in food shopping, worse environment, lack of cultural and sports facilities and 
relatively-poor public security, should all be improved. 
4. Conclusion 
URLS evaluation is of great importance and practical significance for a better civil living environment. 
Our research lays a scientific foundation for city planning and management. The evaluation model 
established in our research offers a reasonable assessment on targeted residential areas, beneficial to site 
selection and project listing. The weak points which make suitability suffer can be found, and 
countermeasures can be consequently taken to improve the living environment. An evaluative report 
system is supposed to be set up to further facilitate approval procedures. 
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